Introduction
At the time of the energy crisis there are a number of studies on the use of biomass for energetic purposes conducted around the world (Biofuels in EU 2006; Biofuels Progress Report 2006; EEA Briefing 2005) . Therefore, it is necessary to conduct research aimed at the evaluation of the energetic and economic efficiency of the technologies related with the production of biomass for energetic purposes (Faaij 2006; Roszkowski 2008) .
This issue was undertaken as part of the research project "The Development of a Species Index and Optimization of Production Technologies for Selected Energy Crops". It is a five-year research project numbered POIG.01.03.01-00-132/08-00, financed by the European Regional Development Fund as part of the Operational Programme 'Innovative Economy'. The project is implemented in the years 2009-2015. Many tasks are carried out in the project. Some of them are the analysis of the energy and economics efficiency of the proposed technologies of production of selected crops for energetic purposes.
According to the current prices, the production of presently best-known liquid fuels such as bioethanol or rape oil esters is about twice as expensive as the costs of production of mineral fuels (Dobek et al. 2010) . Although at present the costs of production of biofuels are high, there are a lot of advantages resulting from the processing of biomass into energy. Some of them are: --limited emission of toxic compounds, --reduced greenhouse effect, --biodegradability. Apart from cost accounting energy efficiency costing is an important element in the assessment of production of biofuels. The advantage of energy costing is its independence of price relations, which enables a comparison of findings in different research centres. Therefore, one of the tasks in the project is to make 'An Analysis of the Energy Efficiency of the Proposed Technologies of Production of Selected Crops Grown for Energetic Purposes'.
Aim and scope of the research
A wide range of factors which may influence the effectiveness of production of plants for energetic purposes was analysed in the project. These factors include: --cultivar traits, --the degree of nitrogen fertilisation, --soil type, --regionalisation of crops, --applied production technologies and others. One of the partial aims of the research was to determine the influence of the degree of fertilisation on the energy and economics efficiency of the technologies of production of selected crops processed into biofuels or biogas. These issues are presented in this paper.The advantage of energy costing is its independence of price relations, which enables a comparison of findings in different research centres.
Methods
The project involved experimental field investigations on selected cereal cultivars, sugar beets, maize, sorghum and Virginia fanpetals in order to develop optimal (model) technologies to produce high quality raw material for the production of liquid and gas energy.
The assessment of the energy and economics efficiency of the technologies of production of selected plants processed into bioethanol will show the results concerning sugar beets, maize, triticale and rye the other hand, into biogas -maize, sorghum and Virginia fanpetals. Depending on the plant investigated and allowing for fertilisation requirements the following levels of nitrogen fertilisation were assumed in the research: for cereals and Virginia fanpetals : 40 N, 80 N and 120 N, for maize, sugar beets and sorghum: 80 N, 120 N and 160 N.
As far as maize is concerned, it will enable an additional comparative analysis with a division into diversified use of the plant -for bioethanol or biogas.
As far as biomass is concerned, indexing methods with numerical ratios between outlay made and effects achieved in the entire or partial manufacturing cycle will be used in the comparisons and assessments of energetic usefulness. In order to assess products with the characteristics of energy carriers or fuels, including various forms of biomass, the Energy Return on Energy Investment index (EroEI), also known as the Energy Return on Investment (ERoI), will be used and calculated according to the following formula (1) (Wójcicki 2005) :
where: E out -energy gained (useful) E in -energy intake, energy input Apart from the ERoEI ratio, the Net Energy Value (NEV) ratio is also used in the assessment of the energetic efficiency of the product. The ratio is defined as the difference between the amount of energy gained (E out ) and the amount of energy consumed to make the product (E in ).
The methodology of assessment of the energy gained (E out ).
As far as biogas is concerned, its calorific value depends on the content of methane (CH 4 ), whose calorific value is 39.7 MJ/m 3 (Oleszkiewicz 1999) . In the laboratory investigations we determined the content of methane in the biogas produced as a result of fermentation of silages. The silages were made from maize grown at the three aforementioned levels of nitrogen fertilisation. Then the result per 1 ha of the plantation was calculated.
As far as bioethanol is concerned, in the laboratory investigations the ethanol yield ratios were calculated -the number of litres gained from 100 kg of raw material. The calorific value of ethanol was assumed to be 21.5 MJ/l (Górski et al. 2008) . Having taken the yield volume into consideration, the result per 1 ha of the plantation was calculated.
The methodology of assessment of the energy intake (E in ).
In order to assess the energy intake in the production of biofuel we used the computational method developed at the Institute for Building, Mechanisation and Electrification in Agriculture (IBMER) (Anuszewski 1987) and by Mokrzycki (2005) and Richards (2000) . In general, two components of the outlay can be listed. The first concerns the outlay related to the production of the raw material (E inp ), whereas the other one concerns the outlay related to the raw material processing (E int ). Thus, the general formula for determination of the energy input into the production of biofuel looks as follows (2):
where: E in -as in formula (1), ΣE inp -total input of energy for the production of plant raw material, ΣE int -total input energy for the processing of plant raw material into biofuel.
Due to the substantive scope of the project, as far as the energy intake is concerned, this paper will assess the first element related to the production of raw material and supplying it to the place where it will be processed into biofuel.
The total energy related to the production of plant raw material is composed of four basic streams of energy. It is calculated according to the following formula (3):
where: Einp -as in formula (2) [MJ·ha-1]; ΣEmat -total energy input from the applied materials* and raw materials [MJ·ha-1];
ΣEagr -total energy input from mechanized working operations ;
ΣEpal -total energy input from the fuel consumed in working operations ;
ΣEr -total energy input from human labour [MJ·ha-1]. *seeds, fertilizers, pesticides, etc.
In the economics efficiency attitude, the gross margin was determined as follows:
where: GM nP -Gross Margin of n-plant R nP -Revenue of n-plant DC nP -Direct Costs of n-plant
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Findings
As a result of the investigations the volume of energy gained (Eout) from individual plants was assessed. Table 1 shows the results referring to maize, sorghum and Virginia fanpetals silage for biogas. The table presents the yield obtained, the amount of biogas gained, including the content of methane and the energetic efficiency per 1 ha, depending on the three levels of nitrogen fertilisation.
The highest biogas efficiency per ha was gained from the medium level of fertilisation, i.e. 120 N from the production of maize 14357.92 m3/ha. On the other hand, as far as the methane gain is concerned, which results in the amount of energy gained, the highest efficiency was obtained at the lowest level of nitrogen fertilisation, i.e. 80N -340191.53 MJ/ha. The same relation was in the case of production of Virginia fanpetals. Quite different results were in the case of sorghum production. Both the highest biogas efficiency per ha and the highest amount of energy gained per ha were gained from the highest level of fertilisation, i.e. 160 N. Table 2 shows the results for the plants grown for bioethanol. The results include: the yield gained, ethanol efficiency per weight unit of the raw material and per farmland area unit, and the energetic efficiency per 1 ha, depending on the three levels of nitrogen fertilisation.
As results from the data presented in Table 2 , the highest amount of energy can be gained from the production of sugar beets, where the fertilisation level is 160 N. It is four times more than the amount gained from cereal production and it is two times more than the amount of energy gained from maize production. As far as the levels of fertilisation are concerned, for sugar beets the difference in the energy efficiency between the highest and the lowest level of nitrogen fertilisation is 33.5%, but the difference between the highest and the medium level is only 2.9%.
As far as maize is concerned, the lowest energy efficiency was gained from the medium level of fertilisation (120 N) and it was lower than the lowest nitrogen level and the highest nitrogen level by 15.1% and 21.8%, respectively.
As far as cereals are concerned, the lowest fluctuations in the energetic efficiency could be observed in rye. The difference between the highest efficiency (80 N) and the lowest efficiency (40 N) was 8.6%. As far as triticale is concerned, the difference reached 23.2%, but the highest energy efficiency was gained from the highest level of fertilisation (120 N).
It is also interesting to see the comparison of the energy gained from maize depending on the farming technology -grain or silage. This comparison definitely points to the advantage of the silage technology, where about six times more energy was gained than from the for grain technology.
The energy intake (Ein) is the other aspect of the energy balance. As was earlier shown in the methodology, this publication will present the amount of accumulated energy related with the raw material production and transport to the place of processing (Einp). Tables 3 and 4 show the results of investigations into this matter. The volumes of four basic streams of energy were calculated for each of the plants under investigation, allowing for the level of nitrogen fertilisation. In view of the fact that the level of nitrogen fertilisation was the chief factor differentiating the technologies for a particular 
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plant, the stream of energy related with fertilisation was enhanced in the stream of accumulated energy related with materials and raw materials. Upon the analysis of the data presented in Table 3 it is noticeable that the technologies with the highest level of nitrogen fertilisation (160 N) are characterised by the highest energy consumption -nearly 50 GJ/ha in case of maize, around 31 GJ/ha in case of sorghum and around 33 GJ/ha in case of Virginia fanpetals (120N) . In the case of maize this energy consumption is 28.5% higher than in the technology with the fertilisation level 80 N and it is 13.4% higher than in the technology with the fertilisation level 120 N. In the structure of energy streams the highest consumption is related with the stream of fuel consumed (Epal) and it makes between 58% and 64% of the total energy consumption. The works related with the preparation and transport of silage were the dominant outlay in this stream. The same trend is also confirmed by a Pepliński study ( 2014) .
Generally, the same relation is observed also in two other plants. But in comparison with maize, both in sorghum and Virginia fanpetals, total energy input from the fuel consumed and total energy input from the human labour are lower around 50% than in case of maize.
The data presented in Table 4 concern the energy input from technology of production of selected plants for bioethanol. As results from the analysis of the data, the technologies of production of sugar beets are the most energy-consuming: 44.6 GJ/ha for the level of 80 N, up to 56.2 GJ/ha for the level of 160 N. The difference between the highest and lowest level of energy consumption is 25%. The dominant energy stream is the stream of fuel consumed (Epal), which ranges from 55% to 60% of total energy consumption. The works related with the harvesting and transport of raw materials were the dominant outlay in this stream. Apart from that, in comparison with the other plants, the technologies of production of sugar beets were found to involve about three times higher outlay related with the energy consumption of the machines and tools applied and with the amount of human labour.
As far as cereals are concerned -rye and triticale -the energy consumption ratios are at similar levels. However, depending on the levels of nitrogen fertilisation, it is possible to observe bigger differences in energy consumption between the technologies than in the case of sugar beets or maize. The difference in energy consumption between the technology with the lowest level of nitrogen fertilisation and the technology with the highest level of nitrogen fertilisation ranges from 41% (triticale) to 43% (rye). The differentiating factor was the level of nitrogen fertilisation.
The analysis of the production of maize for bioethanol reveals that dependences in the structure of energy streams are similar to those in the technologies of cereal production, but there is not such a considerable difference in the total energy consumption. The difference in energy consumption between the technology with the lowest level of nitrogen fertilisation and the technology with the highest level of nitrogen fertilisation is 28.5%. The energy consumption of the technology with maize produced for bioethanol is about 10-15 GJ/ha lower than in the technology of production of sugar beets.
The aim of the final stage of the research was to determine the energy efficiency of the technologies of production of crops for biofuels, depending on the level of nitrogen fertilisation. As results from the data shown in Tables 5 and 6 , the highest ERoEI (Energy Return on Energy Investment) ratio could be observed in the technologies of plants produced for biogas. The ratio ranges from 4.19, in the production of Virginia fanpetals where the level of nitrogen fertilisation is120 N, up to 10.91 -the highest efficiency, which is achieved at the lowest level of nitrogen fertilisation, i.e. 40 N. The similar ratio, at the lowest level, is observed in the case of sorghum. Relatively, the lowest ratio was observed in the case of production of maize (from 4.58 up to 8.89) but these technologies were characterised by the highest NEV (Net Energy Value) ratio, i.e. from 176.1 GJ/ha up to 301.9 GJ/ha and it was around 20% higher than in other plants.
As results from the comparative analysis of the technologies of production of the crops to be processed into bioethanol (tab.6), the energetic efficiency of these technologies is several times lower than the efficiency of the technologies of processing the crops into biogas. The ERoEI ratio ranged from 1.16 (the rye technology/120 N) to 2.41 (the sugar beets technology/120 N). The technologies with the lowest levels of nitrogen fertilisation proved to be the most energetically efficient. The technology of production of sugar beets was an exception. In this case the highest efficiency was obtained at the medium level of nitrogen fertilisation, i.e. 120 N. 
